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(54) Hearing aid radio power supply

(57)  In a new hearing aid, an energy storage unit is
coupled to supply peak currents to a wireless communi-
cation unit of the hearing aid, and the energy storage unit

is further coupled to a power supply of the hearing aid
for energy replenishment from the power supply through
a current limiting unit, such as a resistor.
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Description
FIELD OF TECHNOLOGY

[0001] A new hearing aid is provided that is configured
to perform wireless communication with other devices
and that has a new power supply for the wireless com-
munication unit.

BACKGROUND

[0002] Typically, only a limited amount of power is
available from the power supply of a hearing aid. For
example, a conventional button cell Zinc-air battery typ-
ically supplies power to a hearing aid circuit due to its
high energy density and low cost.

[0003] In the design of a hearing aid, the size and the
power consumption are important considerations. The
battery is a large component of the hearing aid, and to
ensure compact and inconspicuous hearing aids, small
sized batteries, such as the "312" and "13" types are
used. However, small batteries have a relatively large
internalresistance. For example, a "312" battery typically
has an internal resistance of 5 Q - 10 Q compared to
typical internal resistance values of 0.1 Q - 0.5 Q of an
AA type battery. The large internal resistance causes the
supply voltage to drop significantly as a function of in-
creased output current. Voltage drops may result in re-
duced sound quality and/or interrupted operation of parts
of the hearing aid.

[0004] A radio chip for wireless communication draws
significant amounts of current during on-going transmis-
sion and reception. A conventional Zinc-air battery is only
capable of supplying the required current for wireless
transmission and reception for a limited time period, typ-
ically 0.5 - 5 milliseconds (ms). If the battery continues
to supply the required amount of current for longer time
periods, the supply voltage will decrease, and below a
certain threshold, the hearing aid circuit, in particular dig-
ital parts of the hearing aid circuit, will not operate prop-
erly.

[0005] Further, Zinc-air batteries require time to recov-
er after having supplied peak currents, even for limited
time periods. Typically, the radio chip duty cycle, i.e. the
percentage of radio turn-on time with respect to the sum
of the radio turn-on and radio turn-off time, must be kept
below 15 % - 20 %.

SUMMARY

[0006] Inthe new hearing aid according to the append-
ed claims, the power supply of the hearing aid, e.g. a
battery, such as a Zinc-air battery, is relieved from sup-
plying peak currents to a wireless communication unit of
the hearing aid. In addition to the power supply, the wire-
less communication unit is supplied with power from an
energy storage unit, such as one or more capacitors. The
energy storage unitis replenished from the power supply
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through a current limiting unit, such as aresistor, an elec-
tronic current limiter, etc.

[0007] The energy storage unit, e.g. capacitor, will de-
liver peak currents to the wireless communication unit so
that peak currents drawn from the power supply are low-
ered, and the current limiting unit, e.g. resistor, will limit
currents drawn from the power supply during voltage
drops of the energy storage unit.

[0008] Thus, anew hearing aid is provided, comprising
a hearing aid circuit with

an input transducer configured to output an audio signal
based on a signal applied to the input transducer and
representing sound,

a hearing loss processor configured to compensate a
hearing loss of a user of the hearing aid and output a
hearing loss compensated audio signal, e.g., the hearing
aid may aim to restore loudness, such that loudness of
the applied signal as it would have been perceived by a
normal listener substantially matches the loudness of the
hearing loss compensated signal as perceived by the
user,

an output transducer, such as a receiver, an implanted
transducer, etc., configured to output an auditory output
signal based on the hearing loss compensated audio sig-
nal that can be received by the human auditory system,
whereby the user hears the sound, and

a wireless communication unit configured to communi-
cate wirelessly with another device.

[0009] A power supply is connected to supply power
to the hearing aid circuit.

[0010] The new hearing aid further comprises an en-
ergy storage unit that is connected to the communication
unit for power supply of the communication unit.

[0011] The energy storage unit is further connected to
the power supply through a current limiting unit for re-
plenishment of the energy storage unit with energy from
the power supply, whereby the energy storage unit draws
lower peak currents from the power supply than if the
current limiting unit was absent.

[0012] Preferably, the energy storage unit does not
store magnetic energy, i.e. the energy storage unit does
not contain an inductive component.

[0013] Preferably, the current limiting unit does not
contain an inductive component for energy storage, e.g.
in a switching current limiter.

[0014] Compared to the size of other hearing aid com-
ponents, inductive components for energy storage are
relatively bulky, and it is preferred to avoid adding induc-
tive components for energy storage to the hearing aid
design in order to save space.

[0015] The energy storage unit may comprise at least
one capacitor for supplying current to the wireless com-
munication unit, such as one capacitor for supplying cur-
rent to the wireless communication unit.

[0016] The capacitance of the energy storage unit may
be at least 47 pF, such as at least 100 wF, such as at
least 200 pF.

[0017] The current limiting unit operates to limit the
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amount of current drawn from the power supply by the
wireless communication unit and the energy storage unit.
[0018] The current limiting unit may comprise at least
one resistor coupled in series between the power supply
and the energy storage unit, such as one resistor coupled
in series between the power supply and the energy stor-
age unit.

[0019] The current limiting unit may have a resistance
ranging from 5 Q - 50 Q coupled in series between the
power supply and the energy storage unit.

[0020] A ratio between an absolute value of an output
impedance of the current limiting unit and an absolute
value of an output impedance of the energy storage is
larger than 5:1.

[0021] A power consumption of the wireless commu-
nication unit may range from 5 - 200 mW during wireless
transmission.

[0022] Duration of on-going wireless communication
of the wireless communication unit may range from 100
pns - 10 ms.

[0023] The currentlimiting unit may comprise a current
limiter, such as a switched current limiter, such as a
switched capacitor current limiter, coupled in series be-
tween the power supply and the energy storage unit.
[0024] The hearing aid circuit may comprise a switched
voltage converter, such as a switched capacitor voltage
converter, such as a voltage doubler, coupled for sup-
plying the wireless communication unit with a supply volt-
age that is larger than the power supply voltage.

[0025] The switched voltage converter may include the
current limiting unit.

[0026] Preferably, the energy storage unit is coupled
at the output of the switched voltage converter. The cur-
rents at the output side of the voltage converter are small-
erthan attheinput side of the converter sothatthe energy
storage unit will have to supply smaller peak currents
than if coupled at the input side of the voltage converter,
and also a capacitor with a specific capacitance value
stores more energy with increased voltage. Further, in-
fluence of capacitor leakage current decreases with in-
creased voltage.

[0027] Theinputtransducer may comprise one or more
microphones, each of which converts an acoustic signal
applied to the microphone into a corresponding analogue
audio signal in which the instantaneous voltage of the
audio signal varies continuously with the sound pressure
of the acoustic signal at the microphone.

[0028] The input transducer may also comprise a tel-
ecoil that converts a varying magnetic field at the telecaoil
into a corresponding varying analogue audio signal in
which the instantaneous voltage of the audio signal var-
ies continuously with the varying magnetic field strength
at the telecoil.

[0029] Typically, the analogue audio signal is made
suitable for digital signal processing by conversion into
a corresponding digital audio signal in an analogue-to-
digital converter whereby the amplitude of the analogue
audio signal is represented by a binary number. In this
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way, a discrete-time and discrete-amplitude digital audio
signal in the form of a sequence of digital values repre-
sents the continuous-time and continuous-amplitude an-
alogue audio signal.

[0030] Throughout the present disclosure, the "audio
signal" may be used to identify any analogue or digital
signal forming part of the signal path from the output of
the input transducer to an input of the hearing loss proc-
essor.

[0031] Throughoutthe presentdisclosure, the "hearing
loss compensated audio signal" may be used to identify
any analogue or digital signal forming part of the signal
path from the output of the hearing loss processor to an
input of the output transducer.

[0032] The wireless communication unit may be a de-
vice or a circuit comprising both a wireless transmitter
and awirelessreceiver. The transmitter and receiver may
share common circuitry and/or a single housing. Alter-
natively, the transmitter and receiver may share no cir-
cuitry, and the wireless communication unit may com-
prise separate devices with the transmitter and the re-
ceiver, respectively.

[0033] The wireless communication may be performed
according to a frequency diversification or spread spec-
trum scheme, i.e. the frequency range utilized by the
hearing aid is divided into a number of frequency chan-
nels, and wireless transmissions switch channels ac-
cordingto a predetermined scheme so that transmissions
are distributed over the frequency range.

[0034] Afrequencyhopping algorithm may be provided
that allows devices in the network to calculate what fre-
quency channel the network will use at any given point
in time without relying on the history of the network, e.g.
based on the present frequency channel number, apseu-
do-random number generator calculates the next fre-
quency channel number. This facilitates synchronization
of a new device in with the hearing aid, e.g. the new
device comprises the same pseudo-random number
generator as the hearing aid. Thus, upon receipt of the
currentfrequency channel number during acquisition, the
new device will calculate the same next frequency chan-
nel number as the hearing aid.

[0035] Preferably, in a network, one device in the net-
work is a master device. All other devices in the system
synchronize to the timing of the master device, and pref-
erably, the master device is a hearing aid, since the hear-
ing aid user will always carry the hearing aid when he or
she uses the network.

[0036] Every device in the network has its own identi-
fication number, e.g. a 32-bit number. Globally unique
identities are not required since the probability of two
users having hearing aids with identical identifications is
negligible.

[0037] Preferably, a new device is automatically rec-
ognized by the network and interconnected with the net-
work.

[0038] It is an advantage of a network operating ac-
cording to a spread spectrum scheme that the commu-
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nication has a low sensitivity to noise, since noise is typ-
ically present in specific frequency channels, and com-
munication will only be performed in a specific frequency
channel for a short time period after which communica-
tion is switched to another frequency channel.

[0039] Further, several networks may co-existin close
proximity, forexample two or more hearing aid users may
be present in the same room without network interfer-
ence, since the probability of two networks simultane-
ously using a specific frequency channel will be very low.
Likewise, the hearing aid network may coexist with other
wireless networks utilizing the same frequency band,
such as Bluetooth networks or other wireless local area
networks.

[0040] The hearing aid may advantageously be incor-
porated into a binaural hearing aid system, wherein two
hearing aids are interconnected, e.g., through a wireless
network, for digital exchange of data, such as audio sig-
nals, signal processing parameters, control data, such
as identification of signal processing programs, etc., etc.,
and optionally interconnected with other devices, such
as a remote control, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] In the following, the new method and hearing
aid is explained in more detail with reference to the draw-
ings, wherein

Fig. 1  Is a schematic diagram of one new hearing aid
according to the appended claims,

Fig. 2 Is a schematic diagram of another new hearing
aid according to the appended claims, and

Fig. 3  Shows plot of simulated currents during oper-

ation of the hearing aid of Fig. 2.
DETAILED DESCRIPTION OF THE DRAWINGS

[0042] In the following, various examples of the new
hearing aid areillustrated. The new hearing aid according
to the appended claims may, however, be embodied in
different forms and should not be construed as limited to
the examples set forth herein.

[0043] It should be noted that the accompanying draw-
ings are schematic and simplified for clarity, and they
merely show details which are essential to the under-
standing of the new hearing aid, while other details have
been left out.

[0044] Like reference numerals refer to like elements
throughout. Like elements will, thus, not be described in
detail with respect to the description of each figure.
[0045] Fig. 1 shows a schematic diagram of a new
hearing aid 10 according to the appended claims.
[0046] The hearingaid 10 has a Zinc-air battery 12 that
supplies power to the hearing aid circuit 14.

[0047] The hearing aid circuit 14 includes an input
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transducer 16 in the form of a microphone 16. The mi-
crophone 16 outputs an analogue audio signal 18 based
on an acoustic sound signal arriving at the microphone
16 when the hearing aid 10 is operating.

[0048] An analogue-to-digital converter 20 converts
the analogue audio signal 18 into a corresponding digital
audio signal 22 for digital signal processing in the hearing
aid circuit 14, in particular in the hearing loss processor
24 that is configured to compensate a hearing loss of a
user of the hearing aid 10. Preferably, the hearing loss
processor 24 comprises a dynamic range compressor
well-known in the art for compensation of frequency de-
pendent loss of dynamic range of the user often termed
recruitment in the art. In this way, the hearing aid may
be configured to restore loudness, such that loudness of
the hearing loss compensated signal as perceived by the
user wearing the hearing aid 10 substantially matches
the loudness of the acoustic sound signal arriving at the
microphone 16 as it would have been perceived by a
listener with normal hearing. Accordingly, the hearing
loss processor 24 outputs a digital hearing loss compen-
sated audio signal 26.

[0049] A digital-to-analogue converter 28 converts the
digital hearing loss compensated audio signal 26 into a
corresponding analogue hearing loss compensated au-
dio signal 30.

[0050] An output transducer in the form of a receiver
32 converts the analogue hearing loss compensated au-
dio signal 30 into a corresponding acoustic signal for
transmission towards an eardrum of the user, whereby
the user hears the sound originally arriving at the micro-
phone; however, compensated for the user’s individual
hearing loss.

[0051] The hearing aid circuit 14 further includes a
wireless communication unit 34 in the form of a radio chip
connectedto an antenna and configured to communicate
wirelessly with other devices, e.g. in a hearing aid net-
work as is well-known in the art.

[0052] The radio chip may operate at a larger voltage
than the output voltage of a conventional Zinc-air battery.
Thus, in Fig. 1, a voltage doubler 36 is provided to supply
power to the radio chip 34. The voltage doubler 36 and
the current limiting unit 40 may be combined. However,
in another example, a radio chip can be used that is ca-
pable of operating at the output voltage of a Zinc-air bat-
tery, and in such an example, the voltage doubler 36 may
be omitted.

[0053] A radio chip 34 typically draws significant
amounts of current during on-going wireless data trans-
mission and data reception, e.g. ranging from 5 mA - 50
mA. A Zinc-air battery is only capable of supplying the
required amount of current during a short time period,
typically a few milliseconds. Continued supply of the re-
quired amount of current may lead to a lowered supply
voltage below which one or more other parts of the hear-
ing aid, e.g. the digital signal processing circuitry, may
stop operating properly. Further, the Zinc-air battery re-
quires time to recover after having supplied current to
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the radio chip 34 during its communication. Therefore,
typically the radio chip duty cycle, i.e. the percentage of
radio turn-on time with respect to the sum of the radio
turn-on and radio turn-off time, should be kept below 15
% - 20 % depending on current values and battery per-
formance.

[0054] Communication between devices, e.g. in a net-
work, may be synchronized so that every device, e.g. in
the network, knows when to transmitand when toreceive.
Communication, i.e. reception and/or transmission, may
be performed in short bursts, which e.g. maybeinarange
of 10 s to 10 ms, such as in a range of 100 ps to 1 ms,
such as in a range of 400 us to 800 ws, such as around
600 ps.

[0055] The hearing aid 10 further comprises an energy
storage unit 38 that is connected to the communication
unit 34 for power supply of the communication unit 34 so
that the main power for the communication unit 34 during
on-going wireless data transmission or data reception of
the communication unit 34 is supplied from the energy
storage unit 38, thereby relieving the battery 12 from sup-
plying these peak current loads, and thereby avoiding
significant voltage drops of the power supply for the hear-
ing aid circuit 14. The energy storage unit 38 has low
output impedance.

[0056] The energy storage unit 38 is further connected
to the power supply 12 through a current limiting unit 40
for replenishment of the energy storage unit 38 with en-
ergy from the power supply 12, whereby the energy stor-
age unit 38 draws lower peak currents from the power
supply 12 than if the current limiting unit 40 had been
absent.

[0057] The current limiting unit 40 may be a switched
current limiting unit, such as a switched capacitor current
limiting unit; however, preferably, the current limiting unit
does not contain an inductive component.

[0058] Compared to the size of other hearing aid com-
ponents, inductive components are relatively bulky, and
it is preferred to avoid adding inductive components to
the hearing aid design in order to save space.

[0059] The energy storage unit 38 may comprise one
or more capacitors for supplying current to the wireless
communication unit 34. The capacitor(s) should have a
low ESR (equivalent series resistance) facilitating deliv-
ery of the peak currents for the communication unit 34.
[0060] The capacitance of the energy storage unit may
be at least 47 pF, such as at least 100 wF, such as at
least 200 pF.

[0061] A ratio between an absolute value of an output
impedance of the current limiting unit 40 and an absolute
value of an output impedance of the energy storage is
larger than 5:1 so that the peak currents for the commu-
nication unit 34 are delivered from the energy storage
unit 38.

[0062] The current limiting unit 40 may have a resist-
ance ranging from 5 Q - 50 Q coupled in series between
the power supply and the energy storage unit so that the
peak currents forthe communication unit 34 are delivered
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from the energy storage unit 38.

[0063] The current limiting unit 40 may comprise one
or more resistors coupled in series between the power
supply 12 and the energy storage unit 38.

[0064] A power consumption of the wireless commu-
nication unitmay range from 20 - 200 mW during wireless
transmission.

[0065] Duration of wireless communication of the wire-
less communication unit may range from 100 ps - 2 ms.
[0066] As shown in Fig. 1, the energy storage unit 38
is preferably coupled at the output of the switched voltage
converter 36. The currents at the output side of the volt-
age converter 36 are smaller than at the input side of the
converter 36 so that the energy storage unit 38 will have
to supply smaller peak currents than if coupled at the
input side of the voltage converter 36, and also a capac-
itor with a specific capacitance value can store more en-
ergy with increased voltage. Further, influence of capac-
itor leakage current decreases with increased voltage.
[0067] Fig. 2 shows a schematic diagram of a new
hearing aid 10 identical to the hearing aid shown in Fig.2
except for the fact that the current limiting unit is consti-
tuted by a single resistor 40, e.g. a 10 Q resistor, and the
energy storage unit is constituted by a single capacitor
38, e.g. a 220 wF capacitor with an ESR of 1 Q-2 Q.
[0068] Fig. 3 shows simulated currents of the hearing
aid 10 shownin Fig. 2. The square current trace 50 shows
the current drawn by the radio chip 34 showing the peak
currents during on-going data transmission or reception,
and the lower current trace 52 shows the current flowing
through the resistor 40. It should be noted that the current
supplied to the voltage doubler 36 has half the value of
current trace 52.

Claims

1. A hearing aid comprising a power supply connected
to supply power to a hearing aid circuit with
an input transducer configured to output an audio
signal based on a signal applied to the input trans-
ducer and representing sound,
a hearing loss processor configured to compensate
a hearing loss of a user of the hearing aid and output
a hearing loss compensated audio signal,
an output transducer configured to output an auditory
output signal based on the hearing loss compensat-
ed audio signal that can be received by the human
auditory system resulting in the user hearing sound,
and
a wireless communication unit configured to com-
municate wirelessly with another device,
an energy storage unit coupled to supply the wireless
communication unit with power, and
a current limiting unit coupled for control of replen-
ishment of the energy storage unit with energy from
the power supply.
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A hearing aid according to claim 1, wherein the en-
ergy storage unit comprises at least one capacitor
for supplying current to the wireless communication
unit.

A hearing aid according to claim 2, wherein the en-
ergy storage unit comprises one capacitor for sup-
plying current to the wireless communication unit.

Ahearing aid according to any of the previous claims,
wherein the capacitance of the energy storage unit
is at least 47 pF.

Ahearing aid according to any of the previous claims,
wherein the current limiting unit comprises at least
one resistor coupled in series between the power
supply and the energy storage unit.

Ahearing aid according to any of the previous claims,
wherein the current limiting unit comprises one re-
sistor coupled in series between the power supply
and the energy storage unit.

Ahearing aid according to any of the previous claims,
wherein the current limiting unit has a resistance
ranging from 5 Q - 50 Q coupled in series between
the power supply and the energy storage unit.

Ahearing aid according to any of the previous claims,
wherein a ratio between an absolute value of an out-
put impedance of the current limiting unit and an ab-
solute value of an output impedance of the energy
storage is larger than 5:1.

Ahearing aid according to any of the previous claims,
wherein a power consumption of the wireless com-
munication unit ranges from 5 mW - 200 mW during
wireless transmission.

Ahearing aid according to any of the previous claims,
wherein a duration of wireless communication of the
wireless communication unit ranges from 100 us - 2
ms.

Ahearing aid according to any of the previous claims,
wherein the current limiting unit comprises a current
limiter coupled in series between the power supply
and the energy storage unit.

Ahearing aid according to any of the previous claims,
wherein the current limiter is a switched current lim-
iter.

Ahearing aid according to any of the previous claims,
wherein the hearing aid circuit comprises a switched
voltage converter coupled between the power supply
and the energy storage unitfor increasing the voltage
supplying the energy storage unit above the power
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supply voltage.

14. A hearing aid according to claim 13, wherein the

switched voltage converter is a voltage doubler.

15. A hearing aid according to claim 13 or 14, wherein

the switched voltage converter includes the current
limiting unit.
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